I. Introduction
The Chinese stock market has a few special features that potentially affect the application of the Fama-French three-factor model to Chinese stock returns. First, before April 2005, about two thirds of outstanding shares in Chinese listed firms were held by government agencies or government-related enterprises and were non-tradable in the public market. The Chinese government started the share-structure reform in April 2005 to legally convert non-tradable shares to tradable shares. Almost all Chinese listed firms completed the reform by the end of 2006. Figure 1 shows the aggregate tradable market value and the aggregate total market value (both in RMB) for all A-shares of Chinese listed firms at the end of each month from December 1991 to December 2012. The tradable market value of a listed firm is the end-of-month market price times the number of tradable A-shares, while the total market value is the end-of-month market price times the number of all outstanding shares (including both tradable and non-tradable shares). We aggregate over all Chinese listed firms. As shown in Figure 1 , the proportion of the aggregate tradable market value increases from about 30% in 1995 to above 80% in 2012. Figure 2 shows the five percentiles (5 th , 25 th , 50 th , 75 th , and 90 th ) of the cross-sectional distribution in the proportion of tradable shares across all Chinese listed firms in each month from December 1991 to December 2012. By the end of 2012, all outstanding shares are tradable for more than 25% of firms, but for another quarter of firms, more than 60% of shares are still non-tradable. The first issue we examine is whether the Fama-French three factors should be based on tradable shares or on all outstanding shares.
Figure 1 Market Value
This figure shows the total market value and the tradable market value in aggregate for all A-shares in China. The left axis is the amount of market value. The right axis is the ratio of the tradable market value to the total market value.
Figure 2 Percentiles of the Ratio of Tradable to Total Market Value
This figure shows the five percentiles (5%, 25%, 50%, 75%, 90%) of the firm-level ratio of tradable market value to total market value for all A-shares in China.
Second, China has two main boards for the listing of public firms, the Shanghai Stock Exchange and the Shenzhen Stock Exchange. In addition, the Small Medium Enterprise Board (SME) and the Growth Enterprise Board (GEB) were set up in May 2004 and October 2009, respectively; both are hosted by the Shenzhen Stock Exchange. Table 1 shows the total number of Chinese listed firms and the number of firms listed on the SME and GEB in each year from 1991 to 2012. At the end of 2012, there were 1,383 firms listed on the Shanghai and Shenzhen main boards and 1,049 firms listed on the SME and GEB. Fama and French (1992) use NYSE-listed firms to determine the breakpoints between small and big firms in order to avoid the overwhelming influence of the large number of small Nasdaq firms. It is unclear whether we should follow the same practice to exclude GEB and SME listed firms in determining the breakpoints for the size factor in China.
Table 1 Number of Chinese listed firms
The table below shows the number of Chinese listed firms in each year from 1991 to 2012. The Small Medium Enterprise Board (SME) and the Growth Enterprise Board (GEB) were set up in in Shenzhen in May 2004 and October 2009 respectively. The non SME/GEB stocks are listed on either the Shanghai Stock Exchange or the Shenzhen Stock Exchange.
Year
Total SME&GEB Non SME /GEB  1991  13  0  13  1992  52  0  52  1993  176  0  176  1994  288  0  288  1995  312  0  312  1996  515  0  515  1997  720  0  720  1998  825  0  825  1999  924  0  924  2000  1060  0  1060  2001  1136  0  1136  2002  1193  0  1193  2003  1259  0  1259  2004  1350  38  1312  2005  1340  50  1290  2006  1363  102  1261  2007  1440  200  1240  2008  1559  273  1286  2009  1662  363  1299  2010  1990  682  1308  2011  2267  922  1345  2012  2432  1049  1383 Third, more than 170 Chinese listed firms have issued multiple class shares that have the same cash flow and voting rights but are traded in different markets. Some have A-shares and B-shares, others have A-shares and H-shares, and the rest have A-shares and shares in other foreign markets.
2 Because these shares share the same cash flow and voting rights, they usually have the same claim on the firm's book value of equity. Hence, for Chinese domestic investors who invest only in A-shares, to obtain the book-to-market equity (BE/ME) ratio per A-share of a firm with multiple class shares, it is incorrect to divide the firm's total book value of equity from its balance sheet by the total market value of A-shares. The correct way is to calculate the book value of equity per share divided by the A-share price.
In this paper, we closely follow Fama and French (1993) to construct the market, size, and value factors on the basis of Chinese stock returns, with a particular focus on how the above-mentioned special features affect the three factors and the performance of the three-factor model. We find that these features considerably affect the three factors and also influence the explanatory power of the three-factor model. Specifically, our main findings are as follows.
First, the return on the market portfolio crucially depends on whether or not non-tradable shares are included in the market portfolio. Over the period between July 1996 and June 2003 inclusive, the monthly average excess return on the market portfolio including only tradable shares is 0.94%, while the monthly average excess return on the market portfolio including both tradable and non-tradable shares is only 0.75%. The difference of 19 basis points in monthly returns is economically significant.
Second, the explanatory power of the market model also depends on the definition of the market portfolio. The adjusted R squared of the market model is on average 82.9% when the market portfolio includes only tradable shares and decreases to 76.6% when the market portfolio includes both non-tradable and tradable shares.
Third, value firms earn significantly higher returns than growth firms in China. The monthly average return on the High Minus Low (HML) factor is 0.54% in China over the period between July 1996 and June 2003. By comparison, according to information on the three factors from Kenneth French's website, the average return on the HML factor is only 0.33% in the US over the period between July 1991 and June 2011.
Fourth, small firms earn significantly higher returns than large firms in China. The monthly average return on the Small Minus Big (SMB) factor is 0.82% in China over the period between July 1996 and June 2003. By comparison, according to information on the three factors from Kenneth French's website, the average return on the SMB factor is only 0.26% in the US over the period between July 1991 and June 2011. Last but not least, the average adjusted R squared of the three-factor model is greater than 93%, which is a substantial improvement over the explanatory power of the market model. The best performance of the three-factor model is achieved when the three factors are constructed by using the market portfolio that includes only tradable shares; using the total market value to divide firms into size groups and including the SME and GEB stocks to determine portfolio breakpoints; and using the book-value-to-price (B/P) ratio instead of the BE/ME ratio.
The rest of the paper is organised as follows: Section II gives a brief review of the relevant literature; Section III explains our data and methodology; Section IV presents our empirical results; and Section V concludes the paper.
II. Related Literature
The capital asset pricing model (CAPM) is a fundamental theory in modern finance. One key prediction of the CAPM is that a stock's systematic risk, captured by the slope coefficient (i.e. β) in the time-series regression of the stock's excess return on the market excess return, is the only factor that explains its expected return (Sharpe, 1964; Lintner, 1965) . However, academic studies have documented ample evidence that β alone cannot adequately explain the variation in stock returns (see, for example, French, 1992 and references in Campbell, 2000) .
Other asset pricing theories, such as the intertemporal capital asset pricing model (Merton, 1973) and the arbitrage pricing theory (Ross, 1976) , suggest that there may be multiple systematic factors. However, these theories do not specify the factors explicitly. Many studies, for example, Connor and Korajczyk (1988) , Lehmann and Modest (1988) , and Chen, Roll, and Ross (1986) , have attempted to identify pricing factors empirically. Fama and French (1993) developed an empirical asset pricing model that includes three factors: the market factor, a factor related to firm size, and a factor related to the ratio of the book value of equity to the market value of equity. They found that the three-factor model explains the variation in stock returns better than the CAPM and is able to explain several well-documented return anomalies. Since then, the three-factor model has been widely used in finance research (Campbell, 2000 and the Scientific Background on the Nobel Prize Winners in Economics, 2013) .
In the following, we review a few studies that apply the Fama-French three-factor model to Chinese stock returns. We do not intend to give a comprehensive review of all studies that use the three-factor model for the China market. Our purpose is to highlight the lack of consistency in the construction of the three factors for Chinese stock returns. Liao and Shen (2008) use the Fama-French three-factor model to examine stock price reaction to Chinese listed firms' completion of the split-share structure reform that was initiated in April 2005. To construct the size factor, they separate small and large stocks by the median of their tradable shares' market value, which is defined as the number of tradable shares at the beginning of each year multiplied by share price. To construct the value factor, they sort stocks into three groups by their BE/ME ratio. The ratio is computed as the net assets per share divided by share price. The intersection of the two size groups with the three BE/ME groups produces six portfolios. The portfolio returns are value-weighted by the tradable shares' market value, which implicitly assumes that the portfolios include only tradable shares. Liu and Yang (2010) examine the explanatory power of the Fama-French three-factor model for Chinese bond returns. They find that two factors, SMB and HML, do not contribute significantly to explaining Chinese bond returns. To construct the size factor, they sort stocks by their total market value into two groups. They sort stocks by their price-to-book ratio into three groups. The portfolio returns are value-weighted by the total market value.
Chen (2004) examines the performance of the Fama-French three-factor model for Chinese A-shares. He sorts stocks by their tradable shares' market value into three size groups using breakpoints at the 30% and 70% percentiles. He sorts stocks by their BE/ME ratio into two groups. The portfolio returns are value-weighted by the tradable shares' market value. Mao, Chen, and Yang (2008) apply the Fama-French three-factor model to study the long-run return performance after Chinese listed firms completed rights offering. To construct the three factors, they sort stocks (a) into two size groups by their tradable shares' market value and (b) into three groups by their BE/ME ratio. It is unclear how they calculate the value-weighted portfolio returns.
III. Data and Methodology
We follow Fama and French (1993) and use the CRSP/Compustat database to construct the three factors for the US market. For the China data, we use the CSMAR databases. The annual book value of equity is taken from the CSMAR China Stock Market Financial Statements Database. The monthly trading data, including closing price, total market value, tradable market value, and stock returns with cash dividend reinvested, are taken from the CSMAR China Stock Market Trading Database. The change in the total number of shares outstanding also comes from this database. We use the 3-month RMB deposit rates provided by the Industrial and Commercial Bank of China as the risk-free rate of return. 4 We examine the performance of two asset pricing models -the CAPM model and the Fama-French three-factor model. We estimate the CAPM model as follows:
where R t is the return on the test portfolios, R mt is the market return, and r ft is the risk-free rate. Although the Sharp-Lintner version of the CAPM stipulates the intercept to be zero, an intercept is usually included in empirical finance studies (Campbell, Lo, and MacKinlay, 1997, Chapter 5) . The Fama-French three-factor model is specified by the following equation:
where R t is the return on the test portfolios, R mt is the market return, r ft is the risk-free rate, SMB t is the return on the size factor, and HML t is the return on the book-to-market factor. Fama and French (1993) construct the SMB factor as the return on a portfolio long in small stocks and short in large stocks and the HML factor as the return on a portfolio long in high BE/ME ratio stocks and short in low BE/ME ratio stocks. We construct the Fama and French three factors for the Chinese stock market as follows. First, at the end of June of year t, we sort stocks by their total market value and divide them into two size groups: small (S) and big (B) firms. Fama and French (1993) determine the size breakpoint on the basis of NYSE-listed firms in order to avoid the overwhelming influence of the large number of small firms listed on the Nasdaq. We do not know how the stocks listed on the Chinese SME and GEB influence the three factors in China. Thus, we choose the size breakpoint in two ways: one is the median size including the SME/GEB stocks, and the other is the median size excluding the SME/GEB stocks.
Next, we note that for Chinese firms that have shares listed on different stock exchanges, for example, A-shares listed in the Chinese mainland, H-shares listed in Hong Kong, and N-shares listed in New York, it is incorrect to measure the BE/ME ratio of A-shares as the firm's total book value of equity from its balance sheet divided by the market value of A shares. Instead, we measure the B/P ratio of A-shares as the book value of equity per share divided by the end-of-year closing price of A-shares. The book value of equity per share is equal to the total book value of equity divided by the total number of shares outstanding; both figures are available in the annual report. Table 2 shows the mean, median, and standard deviation of the B/P ratio, the BE/ME ratio, and the difference between the B/P ratio and the BE/ME ratio across all Chinese listed firms in each year from 1992 to 2012. The number of firms for which the B/P ratio differs from the BE/ME ratio gradually increases from 18 in 1992 to 174 in 2012. 5 To form the HML factor, we sort stocks by the B/P ratio at the end of December of year t-1 and divide them into three groups: low (L), medium (M), and high (H) firms. The breakpoints for the three groups are the 30th and 70th percentiles of the B/P ratios.
Table 2 Comparing the B/P ratio with the BE/ME ratio
This table reports the descriptive statistics of the book-value-to-price (B/P) ratio, the book-to-market equity (BE/ME) ratio, and the difference between the B/P ratio and the BE/ME ratio across firms in each year from 1992 to 2012. B/P ratio BE/ME ratio Difference (= B/P -BE/ME) Absolute diff. market value at the end of month t-1. The tradable market value is the end-of-month market price times the number of tradable A-shares, while the total market value is the end-of-month market price times the number of all outstanding shares (including both tradable and non-tradable shares). Finally, we obtain the Fama-French three factors as follows. The market factor is equal to the value-weighted returns of all A-shares minus the risk-free rate. The SMB factor is then computed as the simple average of the monthly value-weighted returns of the three small-firm portfolios, (S, L), (S, M), and (S, H), minus the simple average of the monthly value-weighted returns of the three big-firm portfolios, (B, L), (B, M), and (B, H). Similarly, the HML factor is computed as the simple average of the monthly value-weighted returns of the two high-B/P groups, (S, H) and (B, H), minus the simple average of the monthly value-weighted returns of the two low-B/P groups, (S, L) and (B, L).
IV. Empirical Results
To understand the details of constructing the Fama-French three factors and to gain confidence in our programming and empirical work, we first use the CRSP/Compustat data to replicate the Fama and French three factors in the US. We compare the three factors we obtained with those on Kenneth French's website for the time period from July 1991 to June 2011. Table 3 shows the descriptive statistics of the three factors for the US stock returns. Figure 3 shows the time-series plot of the monthly cumulated value of one dollar invested in each of the three factors at the end of June 1991 and compounded at the monthly returns on the respective factor. We obtain almost exactly the same market factor as the one provided by Kenneth French, although there are small discrepancies in the SMB and HML factors. Figure 3 shows that all three of our factors track the changes in the respective factors from Kenneth French's website very closely. Next, we study the three factors for Chinese stock returns. We experiment with four ways of constructing the three factors to investigate the impact of the special features in the Chinese stock market. Almost all Chinese listed firms went through the share-structure reform in 2005 and 2006, which legally converted non-tradable shares to tradable shares. Figure 1 shows that the proportion of the tradable market value to the total market value increases from about 30% in 1996 to above 80% in 2012. We examine three time periods: the whole period from July 1996 to June 2013, the sub-period from July 1996 to December 2004, and the sub-period from July 2007 to June 2013. Hence, the two sub-periods allow us to observe potential differences in the three factors before and after the reform. Our analysis starts from July 1996 because we want to ensure that there are a sufficient number of stocks in each portfolio; Table 1 shows that the number of firms is small in the early years. Table 4 reports the descriptive statistics of the three factors under the four different methods in the three time periods. Figures 4.1, 4 .2, and 4.3 show the time-series plots of the cumulated value of one dollar invested at the end of June 1996 and compounded at the monthly returns on the three factors.
To assess how well the three factors explain Chinese stock returns, we follow Fama and French (1993) to construct 25 portfolios and regress the excess returns of these portfolios on the three factors. To form the 25 portfolios at the end of June of year t, we sort stocks into five equal-size groups on the basis of their total market value at the end of June of year t and independently sort stocks into five equal-size groups on the basis of their B/P ratio at the end of December of year t-1. The intersection of these groups forms the 25 non-overlapping portfolios. The value-weighted monthly return of each portfolio in month t is equal to the sum of the monthly returns on the constituent stocks multiplied by their tradable market value at the end of month t-1. The excess return of each portfolio is equal to the value-weighted return of each portfolio minus the risk-free rate of return.
We first run regressions of the 25 portfolios on the basis of the market model in Equation (1). The regression results are shown in Tables 5.1 and 5.2. In Table 5 .1, we use the tradable market value as weights to calculate the value-weighted market returns. In Table 5 .2, we use the total market value as a weight to calculate the value-weighted market returns. The coefficients for the market factor are all highly significant at the 1% 
Figure 4.1 Cumulative value of the size factor in China
The figure shows the time-series plot of the monthly cumulated value of one dollar invested at the end of June 1996 and compounded at the monthly returns of the size factor in China. The time period is from July 1996 to June 2013. Method 1 includes the SME and GEB stocks to determine the median firm size and uses a firm's tradable market value as a portfolio weight. Method 3 includes the SME and GEB stocks to determine the median firm size and uses a firm's total market value as a portfolio weight.
Figure 4.2 Cumulative wealth of the value factor in China
The figure shows the time-series plot of the monthly cumulated value of one dollar invested at the end of June 1996 and compounded at the monthly returns of the value factor in China. The time period is from July 1996 to June 2013. Method 1 includes the SME and GEB stocks to determine the median firm size and uses a firm's tradable market value as a portfolio weight. Method 3 includes the SME and GEB stocks to determine the median firm size and uses a firm's total market value as a portfolio weight.
Figure 4.3 Cumulative value of the market factor in China
The figure shows the time-series plot of the monthly cumulated value of one dollar invested at the end of June 1996 and compounded at the monthly returns of the market factor in China. The time period is from July 1996 to June 2013. Method 1 includes the SME and GEB stocks to determine the median firm size and uses a firm's tradable market value as a portfolio weight. Method 3 includes the SME and GEB stocks to determine the median firm size and uses a firm's total market value as a portfolio weight.
level in both tables. The average adjusted R squared across the 25 portfolios is 82.9% when the market portfolio includes only tradable shares, whereas the average adjusted R squared is 76.6% when the market portfolio includes both non-tradable and tradable shares. However, the market model does not explain small firms' returns properly as the intercepts are significantly positive for four of the five small firm portfolios. Next, we run regressions of the 25 portfolios on the three factors as in Equation (2). Table 6 .1 reports the regression results obtained by using a firm's tradable market value as a portfolio weight in the calculation of value-weighted returns and including the SME and GEB stocks to determine the portfolio breakpoints. In Table 6 .1, the coefficients for the SMB and market factors are all significant at the 5% level; the coefficients for the HML factors are significant at the 5% level except for three portfolios. The average adjusted R squared is equal to 93.6%. The intercepts are significant at the 5% level for 2 out of the 25 portfolios. This table shows the results of regressing excess stock returns of the 25 portfolios on the Fama-French three factors in China. SME and GEB stocks are included to determine the portfolio breakpoints. The Fama-French three factors are constructed by using tradable market value as a portfolio weight. Table 6 .2 shows the regression results obtained by using a firm's tradable market value as a portfolio weight in the calculation of value-weighted returns and excluding the SME and GEB stocks to determine the portfolio breakpoints. The results are very similar to those in Table 6 .1. The average adjusted R squared in Table 6 .2 is equal to 93.7%. Table 6 .3 shows the regression results obtained by using a firm's total market value as a portfolio weight in the calculation of value-weighted returns and including the SME and GEB stocks to determine the portfolio breakpoints, while Table 6 .4 shows the results obtained by using a firm's total market value as a portfolio weight and excluding the SME and GEB stocks to determine the portfolio breakpoints. The average adjusted R squares are equal to 92.3% and 92.4% in Tables 6.3 and 6 .4, which are lower than the corresponding figures in Tables 6.1 and 6.2. Overall, these results demonstrate that the Fama-French three-factor model explains the variation in Chinese stock returns very well. It does not affect the explanatory power of the three-factor model whether or not the SME and GEB stocks are included to determine the portfolio breakpoints. The explanatory power of the three-factor model is higher when the market portfolio includes only tradable shares than when the market portfolio includes both non-tradable and tradable shares. Table 6 .
Value quintiles Value quintiles

The Fama-French three-factor model in China (IV)
This table shows the results of regressing excess stock returns of the 25 portfolios on the Fama-French three factors in China. SME and GEB stocks are excluded to determine the portfolio breakpoints. The Fama-French three factors are constructed by using total market value as a portfolio weight. Furthermore, we explore whether the US factors have any impact on Chinese stock returns. In Table A1 of the Appendix, we report the results that include the Fama-French three factors for both China and the US in the regressions of the 25 test portfolio returns. By comparing the results in Table A1 with those in Table 6 .1, we do not find evidence that the US factors affect Chinese stock returns. The average adjusted R squared is equal to 93.6%.
Value quintiles Value quintiles
V. Conclusion
We investigate the Fama-French three factors in the Chinese stock market and find that the three-factor model can explain more than 93% of the variation in the portfolio returns on Chinese A-shares. We experiment with different ways of constructing the three factors in order to evaluate the effect of several special features in China. Our results demonstrate that the formation of the three factors can have a big impact in empirical studies that apply the Fama-French three-factor model to Chinese stock returns. We recommend that the three factors be constructed by using the market portfolio that includes only tradable shares; using the total market value to divide firms into size groups and including the SME and GEB stocks to determine the portfolio breakpoints; and using the B/P ratio instead of the BE/ME ratio.
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